As RAS protein is highly significant in signaling pathways, involving cell growth, differentiation and apoptosis; the Ras GTPase proteins play a significant as a master switch in the appearance of many diseases, including 20-30% of all cancers. So, the K-RasG12V mutant was selected as a drug target in present study. This mutant is involved in gastric cancer, lung and pancreatic carcinoma, and colon cancers. So, we employed the structure-based drug design methods and molecular dynamics simulations to undergo virtual screening on natural products small molecules and predicted some new potent therapeutic inhibitors. Finally, ZINC15671852, ZINC85592862, ZINC85567582 and ZINC03616630 final Hits were identified as potent inhibitors from among more than 79,000 bioactive compounds from natural resource. Molecular Mechanics Poisson-Boltzmann Surface Area (MM-P/GBSA) calculation results have also demonstrated that these molecules obtained higher binding free energy than co-crystalized reference ligand.
Introduction
Ras oncogenes belong to the Ras superfamily of small GTPase proteins, which act as master switch (Fig1) and are involved in intracellular signaling pathways such as cell growth, differentiation and apoptosis [1] . These onco-proteins act as molecular switches, cycling between active (GTP-bound) and inactive (GDP-bound) states. These status changes occur through some conformational changes in two important regions of Ras protein's surface, called switch-1 (residues 32-38) and switch-2 (Residues 60-75) that are catalyzed via interactions with GEF and GAP factors and the intrinsic GTPase activity [2, 3] . Some point mutations, appearing in codons 12, 13 and 61 are significantly responsible for keeping the Ras protein in an active state and have continuous interaction with downstream effectors; such as Raf kinases [4] . These mutated oncogenes are identified and observed in 20-30% of all human cancers including 63-90%, 30-50% and 43% of pancreatic, colon and lung cancers respectively [5, 6] . Survival of the cancer cells that have mutated and activated oncogenes is dependent on the permanent presence and expression of these oncogenes; this phenomenon is called oncogene addiction. In the consequence of this phenomenon, inhibition of an active oncogene, leads to reverse cell transformation or induce cell death [7] . In spite of the fact that Ras oncogenes are important in the onset of cancer, there is no molecular targeted therapy drug to control the expression of this protein at present. This pharmacologic flaw may be because of the lack of suitable ligand binding pocket on the surface of Ras protein [8] . Also, the farnesyl transferase inhibitors, which inhibit the positioning of Ras in cytoplasmic side of membrane, have proved to be a failure in clinical trials [9] . Moreover, despite the absence of approved Ras-inhibiting therapeutics, some considerable efforts have been carried out in this regard. Some suitable inhibitors, having the capability of preventing interactions between Ras and upstream/downstream effectors; such as SOS and RAF kinases have previously been identified [10] [11] [12] [13] . On the other hand, a number of successful good efforts have been exercised by using natural products to identify potential anticancer compounds [14] . Furthermore, wide innate diversity of natural products encourage the researchers to use high-throughput screening (HTS) methods to identify suitable inhibitors among them [15] .
Due to the fact that drug discovery is a highly expensive filed, using computational science such as computer-aided drug design or high throughput virtual screening (HTVS) has become attractive approach. Here, we employed the HTVS to identify new potent K-Ras G12V inhibitors. HTVS has been done through Lipinski's rule of 5 (RO5) for drug likeness screening, molecular docking method and binding free energy calculations, using MM-P/GBSA method and based on molecular dynamics (MD) simulation calculations. Hit ligands were identified via HTVS simulation. Then post MD simulation analysis of Hit ligands was performed to investigate the stability and interaction properties of Hit ligand-protein complexes. 
Materials and Methods

Data collection
First, a 3D structure library was built for virtual screening, containing the molecular structures of 81481 small natural molecules from five subsets (MdpiNP, TcmNP, IBSNP, AcdiscNP and AmbintNP) of the ZINC database [16] in MOL2 format and the 3D structure of K-Ras (PDB ID 4EPY) [13] was obtained via RCSB database [17] . This structure had no missing loops or residues, had the resolution of 1.8 Å and contained a specific mutation (G12V), which was the main target of this study [13] . The ligand structures were taken from ZINC database in MOL2 format and were ready to Dock.
Molecular dynamics studies
As a consequence of the specific situation of X-Ray crystallography, hydrogen atoms are missed and also detected protein conformation have minor differences with water-solved protein.
Thus, for obtaining accurate results, we should fix these issues with proper settings. This method keeps reasonable balance between cost and accuracy. GROMACS 5 was used to carry out MD simulation, [18] . Ligand atoms were isolated from protein structure by UCSF chimera [19] .
Then, the topology files of remaining structure were created by pdb2gmx application from GROMACS package using AMBER03 force field [20] and TIP3P water mode [21] . The topology parameters of ligands were calculated by ACPYPE [22] , which uses Antechamber
The simulation was performed under periodic boundary condition (PBC) and the simulation box was cubic shape with minimal distance of 1.0 Å between protein and the edge of the box. The simulation box contained protein structure and hetero atoms of ligands, and was filled up by TIP3P water mode. In order to make the system neutral, physiological concentration of NaCl (0.15 mM) was applied to the system. Energy minimization of all atoms was done using steepest descent minimization algorithm and the maximum force was lessened to 1000 Kcal mol -1 nm -1 . Then equilibration of each system was performed under 100ps NVT and 300ps NPT with position restraint for K-Ras G12V and small molecules. As final step, 30ns MD simulation was performed with a time step of 2 fs at constant pressure (1 atm) and temperature (310 k and protein over the simulation time) of Hit ligands were performed using GROMACS utilities.
The last frame of trajectory file has been extracted and hydrogen bond and non-bound contacts, between ligands and protein structure were analyzed using UCSF chimera and LigPlot.
Results and discussion
Primary preparation
The compounds obtained from ZINC database, were ready-to-dock and required no additional preparations. But the protein was prepared by MD simulation and after 30 ns, the protein structure was equilibrated and hydrogen orientations were corrected. This result was confirmed by RMSD plot and the average RMSD during simulation was 0.152 nm (Fig5) .
Furthermore, RMSF data shows strong correlation of these findings with experimental results and demonstrated high RMSF value for Switch-2 region that confirms the role of Switch-2 fluctuations in binding pocket formation [13] .
Virtual Screening and re-scoring
As a result, 27684 ligands passed through RO5 principles and 52143 ligands were rejected. The ligands, which passed Lipinski RO5, were docked into the simulated structure of K-Ras simulated structure, re-scored by X-Score and 9 ligands (ZINC03845308, Validity ascertain of molecular docking procedure was confirmed via superimposition of the re-docked reference ligand with the ligand's X-Ray crystallographic structure. Calculated RMSD value between crystallographic structure and re-docked ligand was 0.738 nm which is indicative of the accuracy of docking method (Fig2B). 
Binding free energy and post simulation analysis
Hit and reference ligand complexes were simulated for 10 ns as described above and the results were subjected to binding free energy calculations by MM-P/GBSA method. According to MM-PBSA results (Table 2) 
Conclusions
During the present study, VS was carried out using AutoDock Vina and X-Score re- 
